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ABSTRACT: A modified microstrip-fed planar monopole antenna with open 
circuited coupled line is presented in this paper. The operational bandwidth of 
the proposed antenna covers the 2.4 GHz ISM band (2.42 GHz -2.48 GHz) 
and the 5 GHz WLAN band (5 GHz to 6 GHz). The radiating elements occupy 
a small area of 23×8 mm2. The Finite Difference Time Domain method is used 
to predict the input impedance of the antenna. The calculated return loss 
shows very good agreement with measured data. Reasonable antenna gain is 
observed across the operating band. The measured radiation patterns are 
similar to those of a simple monopole antenna.  
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1. INTRODUCTION 
Planar monopole antennas have attracted much attention from antenna 
researchers due to their large impedance bandwidth [1], [2]. Additional 
parasitic lines have been incorporated into the radiator to create multiband 
resonance [3], [4]. In this paper, a new dual-band planar monopole antenna 
with an open-circuited, inverted U-shaped parasitic element is proposed. It 
appears that FEM-based commercial software packages with the ability of 
modeling the finite ground plane are incapable of accurately predicting the 
resonant frequency [4]. The standard finite difference time domain (FDTD) 
method is able to effectively analyze rectangular microstrip patch antennas 
with coupled parasitic lines, as long as the patch edges are parallel to the 
FDTD grid lines and the grid is sufficiently fine [5]. A FDTD analysis [6], [7] 
was thus performed to predict the impedance properties of the antenna and to 
optimize the geometrical parameters.  
 
2. ANTENNA DESIGN  
The antenna geometry is shown in Figure 1. A thin FR4 substrate (εr=4.4, 
h0=0.8 mm) is used for antenna fabrication due to its low cost and wide 
availability. The main radiator is an inverted-L shaped microstrip line. Unlike 
the two designs reported in the literature [3], the microstrip feed is set off from 
the center to reduce the antenna size. An open circuited coupled line is 
introduced on top of the L shape radiator, thus providing an additional 
resonance. The far end of the parasitic line is bent towards the ground plane 
to further reduce the area occupied. The main radiator (inverted L line) is 
designed to resonate at 5.3 GHz and the U-shaped part at 2.45 GHz. Both 
radiator lengths are initially set to free space quarter wavelength and then 
optimized using the FDTD analysis. Table 1 shows the geometrical 
dimensions of the antenna, which were obtained through numerical 
experimentation. 
 
3. EXPERIMENTAL RESULTS 
Figure 2 shows the impedance bandwidth from HFSS [8] simulation, FDTD 
simulation and measurement. The lower band covers the 2.4 GHz ISM band 
(2.4 GHz to 2.62 GHz) and the higher band covers the 5 GHz band (4.9 GHz 
to 6.2 GHz). HFSS is a commercial EM simulation software based on FEM 
(Finite Element Method) and is able simulate a finite substrate design. The 
center resonant frequencies from HFSS simulation are about 100 MHz lower 
than the measured values. The FDTD simulated resonant frequencies are 
very well matched to the measured results. The antenna has a gain about 0.8 
dBi in 2.4 GHz ISM band and 1.68 dBi in 5.3 GHz band as shown in Table 2. 
Radiation patterns in x-y, y-z and x-z planes at 2.45 GHz and 5.3 GHz are 
shown in Figure 3. 
 
4. CONCLUSION 
A novel dual band planar monopole antenna with an open circuited, U-shaped 
parasitic element has been introduced. The main and parasitic radiators of the 
proposed antenna were fabricated on the same plane and thus make the 
antenna easy to construct and more convenient to be integrated to planar 
circuits. Though the parasitic line is open circuited, the antenna is still small in 
size due to the asymmetric feeding line position and orientation of the 
parasitic line. The impedance bandwidth covers the 2.4 GHz ISM band and 
the 5.3 GHz band. The antenna has a reasonable gain over both bands and a 
stable radiation pattern. 
 
Computational code based on the FDTD method was developed to predict the 
impedance properties of the antenna. The results obtained closely agree with 
the measured data, which is not possible with FEM-based commercial 
software.  
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Figure captions: 
 Figure 1 Geometry of the antenna 
 Figure 2 Impedance bandwidth against frequency 
 Figure 3 Measured radiation pattern in three orthogonal x-y, x-z and y-z 
plane at 2.45 and 5.3 GHz 
 
 
Table captions: 
Table 1 Physical dimensions of proposed dual band planar monopole antenna 
(Unit: mm) 
 
Table 2 Antenna gain at different frequencies  
 Figure 1 
h0
ground
εr
w0
l0
s0
l2
w2
w3w4
s1
s2
l1
w1
x
y
z
 
Figure 2 
 
Figure3 
 
Table 1 
l0 l1 l2 w0 w1 w2 w3 w4 s0 s1 s2 
30 21 7 42 5 3 5 5.5 1.53 1 1 
 
Table 2 
Fequency (GHz) 2.4 2.45 2.48 5 5.3 5.5 6 
Gain (dBi) 0.76 0.8 0.85 1.55 1.68 1.81 1.58 
 
